Cumulative exposure to socioeconomic disadvantage across the life course may be inversely associated with coronary heart disease (CHD); the mechanisms are not fully clear. An objective of this study was to determine whether cumulative life-course socioeconomic position (SEP) is associated with CHD incidence in a wellcharacterized US cohort that had directly assessed childhood and adulthood measures of SEP and prospectively measured CHD incidence. Furthermore, analyses aimed to evaluate whether adjustment for CHD risk factors reduces the association between cumulative life-course SEP and CHD. The authors examined 1,835 subjects who participated in the Framingham Heart Study Offspring Cohort from 1971 through 2003 (mean age, 35.0 years; 52.4% women). Childhood SEP was measured as father's education; adulthood SEP was assessed as own education and occupation. CHD incidence included myocardial infarction, coronary insufficiency, and coronary death. Cox proportional hazards analyses indicated that cumulative SEP was associated with incident CHD after adjustment for age and sex (hazard ratio ¼ 1.82, 95% confidence interval: 1.17, 2.85 for low vs. high cumulative SEP score). Adjustment for CHD risk factors reduced that magnitude of association (hazard ratio ¼ 1.29, 95% confidence interval: 0.78, 2.13). These findings underscore the potential importance of CHD prevention and treatment efforts for those whose backgrounds include low SEP throughout life. cohort studies; coronary disease; myocardial ischemia; social class; socioeconomic factors Abbreviations: CHD, coronary heart disease; CI, confidence interval; HDL, high density lipoprotein; HR, hazard ratio; SEP, socioeconomic position.
Coronary heart disease (CHD) remains a major cause of mortality in the United States and worldwide, responsible for 10% of the disability-adjusted life years lost in developing countries and 18% in developed countries (1, 2) . Strong inverse socioeconomic gradients in CHD exist in many developed countries, where adulthood socioeconomic position (SEP) is typically measured as participants' own education, occupation, and income (3, 4) . Evidence is fairly consistent that childhood SEP (often measured as parents' occupation or education) is also inversely associated with CHD in developed countries (5, 6) . There also tend to be socioeconomic gradients in the expected directions for CHD risk factors including smoking, diabetes, blood pressure, cholesterol, and, for women, obesity (3, (7) (8) (9) (10) .
To better understand how SEP may influence CHD, it is informative to conceptualize SEP across the life course (11) (12) (13) . People experience a certain set of socioeconomic circumstances at every phase of their lives; each period may theoretically influence the course of chronic disease. The ''accumulation-of-risk'' SEP framework focuses on the total amount of (i.e., cumulative) exposure to socioeconomic disadvantage (11, 12) . Initial evidence suggests that, in a number of studies in Europe using case-control designs (14) or nationally available death records (13, (15) (16) (17) (18) , cumulative SEP is inversely associated with cardiovascular disease. Less is known about the association of cumulative SEP with incident CHD in the United States. Furthermore, little is known about whether specific CHD risk factors may be particularly important in explaining life-course socioeconomic gradients in CHD.
An objective of this study was to determine whether cumulative life-course SEP is associated with CHD incidence in a well-characterized US cohort (The Framingham Offspring Study) that had directly assessed childhood and adulthood measures of SEP and prospectively measured CHD incidence. Furthermore, analyses aimed to evaluate whether adjustment for CHD risk factors reduces the association between cumulative life-course SEP and CHD. Exploratory analyses further evaluated whether any specific CHD risk factors (e.g., smoking, systolic blood pressure, cholesterol, fasting glucose, body mass index) may be particularly important explanatory mechanisms for the association of life-course SEP with CHD incidence.
MATERIALS AND METHODS

Study sample
The Framingham Heart Study is a community-based, longitudinal, observational cohort study initiated in 1948 to prospectively investigate risk factors for CHD. The Framingham Offspring Study began in 1971 with recruitment of 5,124 men and women who were offspring (or offspring's spouses) of the Original Cohort of the Framingham Heart Study. The design and selection criteria of the Framingham Offspring Study have been described elsewhere (19) . At each examination visit, participants underwent medical history, physical examination, anthropometry, and laboratory assessment of CHD risk factors, as previously described (19) . Framingham participants signed informed consent, and the Framingham Study is reviewed annually by the Boston University Medical Center Institutional Review Board.
There were 5,124 participants who completed Offspring Study examination 1 (during 1971-1975) , and 4,989 agreed for their data to be in the open-access data set. Of these, 2,136 had no father in the Original Cohort of the Framingham Heart Study and hence were excluded from analyses, leaving 2,853 participants. Of these participants, 119 had fathers whose education variable was missing. A further 818 were missing their own education or occupation variables (150 died between examinations 1 and 2, 509 did not attend examination 2 or 3, and 159 did not answer the education/occupation question), leaving 1,916 participants. We further restricted participants to those aged !28 years at the time their own educational attainment and occupation were measured, and we excluded 21 participants with baseline CHD events, resulting in a final sample of 1,835 participants. Analyses on excluded (n ¼ 3,154) versus included participants found that excluded participants were more likely to be older (age 36.9 vs. 35.0 years, respectively; P < 0.0001), to have slightly higher fasting glucose levels (103 mg/dL vs. 101 mg/dL, P < 0.0001), and to be taking antihypertensive medications (3.7% vs. 2.5% of participants, P ¼ 0.03). Included and excluded participants were similar regarding other variables including sex, cigarette smoking, body mass index, systolic blood pressure, total:high density lipoprotein (HDL) cholesterol ratio, cholesterol-lowering medication use, and incident CHD events.
Childhood SEP: father's education Childhood SEP was measured by father's educational attainment, obtained directly from Offspring Study cohort participants' fathers who were enrolled in the Framingham Heart Study Original Cohort. Father's educational level was measured at enrollment between 1948 and 1950 when their mean age was 44 years (range: 28-62) (Figure 1 ). Father's education was ascertained directly from the father as a 6-category variable: eighth grade, some high school (i.e., did not graduate from high school), high school graduate, some college (i.e., did not graduate from college), college graduate, and a final category including postgraduate school, business college, nursing school, music school, and art school. For analyses, father's education was categorized into 3 groups: <high school, high school, and >high school.
We explored the use of mother's education as a measure of childhood SEP. Mother's educational attainment was not associated with incident CHD in this cohort (hazard ratio (HR) ¼ 1.25, 95% confidence interval (CI): 0.84, 1.90 for mother's education <high school vs. >high school, after adjusting for age and sex). The vast majority of mothers (84%) in this cohort had the same occupation (homemaker), likely because of the historical time period when Offspring Study participants were children (approximately during the 1930s-1950s), when it was less common for mothers to work outside the home. Consequently, father's education was used as a measure of childhood SEP. 2 (1979-1982) by asking what kind of work the participants do (or did), categorized as professional, executive, supervisory, technical, laborer, clerical, sales, and housewife. To obtain higher levels of education or occupation, participants were restricted to those aged !28 years when educational attainment and occupation were measured to allow 10 years from likely completion of high school (at age 18 years on average). Sensitivity analyses using data on participants aged !40 years were performed, as described below.
Accumulation-of-risk SEP framework
Analyses utilizing an accumulation-of-risk framework used a cumulative SEP score (range: 0-6) including father's education (<high school ¼ 0, high school ¼ 1, >high school ¼ 2), own education ( 12 years ¼ 0, 13-16 years ¼ 1, !17 years ¼ 2), and own occupation (laborer ¼ 0, clerical/ sales/homemaker ¼ 1, executive/professional/supervisory/ technical ¼ 2). Higher cutpoints were used for educational categories of Offspring Study compared with Original Cohort fathers to account for secular trends of increased normative levels of education across generations.
Coronary heart disease
At all examinations, participants underwent standardized physician-administered medical history assessments. All participants suspected of experiencing stroke were invited back for a detailed neurologic examination. Hospital and nursing home records as well as outside medical office records were routinely sought for all cardiovascular events and all deaths. In addition, Framingham Study personnel surveyed the only hospital in town daily for participant emergency room visits and hospitalizations. Suspected cardiovascular disease events and deaths were reviewed by a panel of 3 investigators, who examine all relevant available data (Framingham Study clinic data; outside medical, nursing home, and hospitalization records) and make event determinations by using previously published criteria (20) .
CHD incidence was identified as occurring in participants diagnosed since onset of the Framingham Offspring Study (1971) (1972) (1973) (1974) (1975) ) until 2003 ( Figure 1 ). Clinically validated CHD events included myocardial infarction, coronary insufficiency, and coronary death (sudden and nonsudden). Secondary analyses investigated the outcome cardiovascular disease, which included clinically validated measures of myocardial infarction, coronary insufficiency, cerebrovascular events (including cerebral embolism, intracerebral hemorrhage, subarachnoid hemorrhage, and other cerebrovascular accident), heart failure requiring hospitalization, and death due to the aforementioned outcomes.
Covariates
Risk factors were measured at baseline, Offspring Study examination 1 (1971-1975) (Figure 1 ). Cigarette smoking was determined by self-report and was defined as smoking regularly in the year prior to the examination. Systolic blood pressure was calculated as the average of the clinic physician's 2 seated systolic blood pressure measurements. Body mass index was calculated as weight in kilograms divided by the square of height in meters (kg/m 2 ). Body weight was measured to the nearest 1 pound with a standing beam balance and with subjects wearing examination robes and undergarments. This measurement was then converted to kilograms (1 pound ¼ 0.454 kg). Height was measured with the use of a stadiometer (to the nearest 0.25 inch and was then converted to meters (1 inch ¼ 0.025 m). Fasting glucose was measured with a hexokinase reagent kit (A-gent glucose test; Abbott, South Pasadena, California). Glucose assays were run in duplicate, and the intraassay coefficient of variation ranged from 2% to 3% depending on the assayed glucose concentration. HDL and total cholesterol concentrations were measured by automated enzymatic techniques (21) . Medication use was self-reported.
Statistical analyses
Sex-and age-adjusted descriptive statistics (predicted means and percent prevalences) were generated for CHD and CHD risk factors (systolic blood pressure, total:HDL cholesterol ratio, fasting glucose, body mass index, cigarette smoking, and antihypertensive medication use) according to father's education, own education, and own occupation.
Cox proportional hazards analyses evaluated the association of SEP with incidence of CHD. Secondary analyses used cardiovascular disease instead of CHD as the outcome. Analyses were adjusted for potential confounders including age and sex, as well as for CHD risk factors (described above). Cholesterol medication use was not included in analyses because only 5 participants used these medications at baseline. Pearson correlation coefficients and variance inflation were used to evaluate collinearity, which found that systolic and diastolic blood pressure variables were highly collinear (r ¼ 0.81). The 3 SEP variables (father's education, own education, and own occupation) were found to have minimal variance inflation and were not correlated highly enough to be of concern to simultaneously adjust for all 3 in a single multivariable model (correlation coefficients ranged from 0.27 to 0.51). Consequently, all 3 measures of SEP were simultaneously adjusted for in analyses to evaluate whether any specific SEP measures contributed more strongly to CHD risk.
Marginal hazards models were run by using the procedure PHREG in SAS version 9.1 software (SAS Institute, Inc., Cary, North Carolina) with option COVSANDWICH to account for clustering of outcomes by family. Sex-specific analyses were underpowered and could not be conducted because only 44 CHD events in females and 100 events in males occurred. Formal interaction tests did not show evidence of effect modification by sex. Consequently, data for males and females were pooled in analyses. Power analyses were performed by using the computer program PS: Power and Sample Size Calculations, version 2.1.31 (Vanderbilt Medical Center, Nashville, Tennessee) according to criteria reported by Dupont and Plummer (22) .
Sensitivity analyses were performed on a sample further restricted to participants !40 years of age (rather than !28 years of age) at baseline to assess associations between occupation and CHD incidence among participants who had more time to attain higher occupational levels. Further sensitivity analyses investigated associations between cumulative life-course SEP and CHD incidence during the time frame after which all SEP measures were obtained (1988-2003 rather than 1971-2003) (Figure 1 ).
RESULTS
The Framingham Heart Study Offspring participants included in the present study were a mean age of 35.0 years at baseline, and 52.4% were women. The age range at examination 1 (1971-1975 ) was 19-62 years. Father's education was inversely associated with several CHD risk factors, including smoking, body mass index, systolic blood pressure, total:HDL cholesterol ratio, and fasting glucose. Own education was inversely associated with smoking, systolic blood pressure, and total:HDL cholesterol ratio. Own occupation was inversely related to smoking and body mass index. Furthermore, unequal proportions of females were represented in the own education and occupation categories (Table 1) .
Age-and sex-adjusted Cox proportional hazards models showed that cumulative SEP across the life course was inversely associated with CHD incidence (HR ¼ 1.82, 95% CI: 1.17, 2.85 for low vs. high cumulative SEP score) ( Table 2) . Further adjustment for CHD risk factors reduced the association (HR ¼ 1.29, 95% CI: 0.78, 2.13). In exploratory analyses adjusting for individual CHD risk factors, smoking was associated with the greatest reduction in the point estimate (age-, sex-, and smoking-adjusted HR ¼ 1.43, 95% CI: 0.90, 2.27). Adjusting for body mass index, systolic blood pressure, and HDL:total cholesterol ratio also somewhat reduced the effect size; adjusting for fasting glucose and antihypertensive medication use had little effect on the strength of association between cumulative SEP and CHD incidence ( Table 2) .
In an effort to provide information regarding whether any of the 3 subcomponents of the cumulative SEP score may be contributing particularly strongly to the gradient between cumulative SEP and CHD incidence, we analyzed the individual association of father's education, own education, and own occupation with CHD incidence. Father's education and own education were inversely associated with CHD incidence after adjusting for age and sex (HR ¼ 1.65, 95% CI: 1.02, 2.66 for father's education <high school vs. >high school, and HR ¼ 1.85, 95% CI: 1.05, 3.27 for own education 12 years vs. !17 years; Table 3 ). Further adjustment for other SEP measures reduced the estimated effect sizes only a small amount for both father's education and own education (HR ¼ 1.53, 95% CI: 0.92, 2.55 for participants whose father's education was <high school vs. >high school, and HR ¼ 1.62, 95% CI: 0.85, 3.09 for participants whose own education was 12 years vs. !17 years). However, the 95% confidence intervals encompassed both a null effect (i.e., HR ¼ 1.0) and a large effect (e.g., HR ¼ 2.5), indicating that the statistical power was low (1 À b ¼ 0.43 for a cumulative 30-year incidence of CHD of 7.5% vs. 5% for father's education <high school (n ¼ 958) vs. father's education >high school (n ¼ 444), with a ¼ 0.05). Occupation was not associated with CHD incidence (Table 3) .
We conducted a series of secondary analyses. Analyses were repeated by using cardiovascular disease instead of CHD as an outcome (Web Tables 1 and 2 ; this information is described in the first 2 of 3 supplementary tables, all of which are posted on the Journal's website (http://aje. oupjournals.org/)). Findings were generally similar when either outcome was used. Sensitivity analyses were performed to assess the association of occupation with CHD and cardiovascular disease incidence among participants aged !40 years rather than aged !28 years, as used in the analyses described above. Effect sizes were similar in both sets of analyses (Web Table 3 ). Because own education (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) and occupation (1979) (1980) (1981) (1982) were assessed after commencement of CHD incidence measurements (1971-2003), we performed sensitivity analyses restricted to the years after completion of all SEP measures (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) to evaluate whether the timing of SEP and CHD measures had an impact on the findings. Analyses showed similar socioeconomic gradients in CHD (HR for high vs. low cumulative SEP score ¼ 1.94, 95% CI: 1.19, 3.17 after adjusting for age and sex).
DISCUSSION
Evidence from our study supported an inverse association of cumulative life-course SEP with CHD incidence. Further adjustment for CHD risk factors substantially attenuated the strength of association.
Prior literature
With regard to adulthood socioeconomic disparities in CHD, a systematic review showed consistent inverse associations between adulthood SEP and CHD in developed nations since the 1970s (4). A separate systematic review reported inverse associations of childhood SEP with risk of cardiovascular disease in 31 of 40 studies (23) . The accumulation-of-risk SEP framework suggests that as the duration and severity of socioeconomic disadvantage increase, resulting cumulative damage could place individuals at higher risk of CHD (12) . Our study provides evidence to support this hypothesis, in that higher life-time exposure to socioeconomic deprivation was associated with increased risk of CHD. Adjusting for CHD risk factors reduced the strength of association and rendered it nonsignificant, which was not unexpected because CHD risk factors are candidate pathways by which SEP may influence CHD. For lifecourse SEP, a systematic review found consistently inverse associations between the accumulation-of-risk SEP framework and risk of cardiovascular disease (13) , which is in agreement with our findings. In the latter review, the associations of early-life SEP (independent of adulthood SEP) and social mobility were less consistently associated with measures of cardiovascular disease (13) .
Potential mechanisms
Cumulative life-course SEP may influence CHD through a number of mechanisms. Low adulthood SEP is typically inversely associated with many risk factors for CHD, such as smoking (7), blood pressure (8) , diabetes (9) , and, for women, obesity (10) . Childhood SEP has been shown to be inversely associated with several CHD risk factors in adulthood, including smoking, blood pressure, cholesterol, and adiposity (24) (25) (26) . Other potential mechanisms not measured in this study, including depression and stress, were not able to be evaluated.
Few if any studies on the association of cumulative SEP with CHD adjusted for CHD risk factors separately (13) (14) (15) (16) (17) (18) ; consequently, little is known about which risk factors may be particularly important in explaining socioeconomic gradient in CHD. Note that methodological biases can be induced by adjusting for mediators; therefore, these mechanistic findings should be interpreted with caution (27) .
In our study, adjusting for smoking reduced the strength of association between life-course SEP and CHD. Point estimates for the association of cumulative SEP with CHD incidence were lower after adjusting for smoking than for Life-Course SEP and CHD 833
other CHD risk factors. However, given the wide 95% confidence intervals for these point estimates, it was not possible to ascertain whether smoking was more important than other CHD risk factors in reducing the association. We found strong inverse socioeconomic gradients in smoking in our study. Some studies on socioeconomic gradients in CHD, using other measures of SEP (only adulthood SEP or only childhood SEP), adjusted individually for smoking. For example, in a study on male physicians (who consequently had similar adulthood SEP), low childhood SEP was associated with a 2.40 (95% CI: 1.21, 4.74) higher relative risk of developing CHD before the age of 50 years. Adjustment for smoking only slightly and nonsignificantly reduced the association (relative risk ¼ 2.24, 95% CI: 1.11, 4.51) (28) .
In the Whitehall II study, the magnitude of association of occupational class with CHD was nonsignificantly reduced by 18% after adjusting for smoking. Adjusting individually for hypertension, high cholesterol, and diabetes reduced the effect sizes by 14%, 3%, and 6%, respectively (29) . In a recent study on adulthood (that did not include childhood) socioeconomic gradients in mortality in 22 European countries, smoking-related conditions accounted for 22% and 6% of the socioeconomic gradient in the all-cause death rate among men and women, respectively (30) . In another study in the United States and 11 European countries, adulthood (the study did not include childhood) socioeconomic gradients in cardiovascular disease mortality were highly associated with socioeconomic gradients in cigarette smoking and excessive alcohol consumption, unlike overweight, moderate alcohol consumption, and lack of fresh vegetables, which were not strongly associated with socioeconomic gradients in cardiovascular disease mortality (31) . Overall, studies using SEP measures other than cumulative SEP provide limited evidence to suggest that smoking is a particularly important risk factor in explaining the socioeconomic gradients in CHD. Replication of findings using cumulative SEP is needed in other study samples to better ascertain the role of smoking in explaining cumulative socioeconomic gradients in CHD.
Strengths and limitations
Strengths of our study include that childhood SEP was directly assessed from parents. A review found that those studies that measured SEP in childhood showed stronger associations between childhood SEP and disease outcomes compared with studies that measured adult recall of childhood SEP, probably because of reductions in measurement error (32) . Furthermore, the measures of CHD used only clinically validated outcomes. CHD risk factors were routinely and directly assessed by using measures with good validity and reliability.
Weaknesses of this study include the relatively small sample size (n ¼ 1,835) compared with larger studies; consequently, we had lower statistical power. Furthermore, this study included a community-based population of individuals of European descent (representing the demographics of the city of Framingham, Massachusetts, at study onset) residing in the northeastern United States; thus, generalizability of results to other communities, races, and ethnicities is uncertain. A limitation of the accumulation-of-risk SEP framework, as described by Pollitt et al. (13) , is that cumulative life-course SEP measurements conflate SEP measures at specific times in the life course (e.g., SEP in early, middle, and late life); therefore, it is unknown which time period may be particularly important in influencing health. Furthermore, cumulative SEP measures typically give equal weighting to each subcomponent of SEP, which may not reflect true contributions of SEP to health. To provide information on relative contributions of each subcomponent of the cumulative SEP index to CHD incidence, we provided point estimates for each subcomponent. These analyses suggested that measures of father's education and own education were more important risk factors for CHD incidence than own occupation, at least as measured in this cohort. In summary, this study found that directly assessed cumulative SEP across the life course was inversely associated with incident CHD in Framingham Offspring Study participants. Adjustment for CHD risk factors reduced the magnitude of association. These findings underscore the potential importance of CHD prevention and treatment efforts for those whose backgrounds include low SEP throughout their life course. 
